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The GaN decomposition reaction has been reported by Boris V. L'vov to be as follows: 1 
GaN (s) → Ga(g) + (1-i)N+0.5iN2
(1)
where the interaction parameter i varies from 0 to l, depending on the extent to which the nearest nitrogen atoms interact with one another at the instant of decomposition. The morphological reorganization or the corrosion of the GaN material will happen due to the decomposition. The hetero-epitaxy GaN films have high density dislocations, so the decomposition can occur at some dislocation sites to form small V shaped pits. The formation of V shaped pits can be explained by the Cabrera's thermodynamic theory.
2,3
The change in the free energy of V shaped pits on a perfect surface is given by
where ΔGs is the change in the surface energy and ΔGv is the change in the volume energy.
In order to form a V shaped pit nucleus at a perfect surface, an energy should be given as
where h is the depth of V shaped pits nucleus, γ is the edge free energy, rc is the size of the critical nucleus, Ω is the volume occupied by each atom and Δμ is the potential difference.
The free energy for a V shaped pit nucleation at a dislocation site, ΔGd, consists of the surfaceenergy term ΔGs, the volume-energy term ΔGv, and a dislocation-energy term Edisl. It may be expressed as
ΔGd=ΔGs+ΔGv+hEdisl
The dislocation energy outside its core is given as
Where G is the shear modulus, b is the Burgers vector of the dislocation, r0 is the radius of the dislocation core outside which the elastic continuum theory is valid, α=1/(1-v) for a clean dege dislocation and α=1 for a clean screw dislocation (where v is Poisson's ration).
Thus we have
The critical free energy for nucleation of a monomolecular V shaped pit at a dislocation is written
Where rF= αGb 2 /8π 2 γ is Frank's radius. According to these equations, it can be obtained that the ΔGd* is always smaller than ΔGp*. Therefore, the nucleation of V shaped pits occurs preferentially at dislocations.
S2. Characterization Methods
Scanning electron microscopy (SEM) images were taken with a Hitachi S-4800 field emission microscope equipped with a Horiba EX-450 energy-dispersive X-ray spectroscopy (EDS)
attachment. The crystalline quality of single-crystal GaN mesoporous membranes (GaNMM) was characterized by high-resolution X-ray diffraction (HRXRD) that utilizes symmetrical (002) imaging and spectral analysis system. Photoluminescence (PL) measurement was carried out at room temperature using 325 nm He-Cd lasers as the excitation source. Electrical properties were characterized by Hall effect measurement (HL5500 Hall System) at room temperature.
S3. Electrochemical Tests
CV and GCD curves were collected at −0.55 V to 0.35 V against Hg/Hg2SO4 for the threeelectrode system and 0 V-0.9 V for the two-electrode system by varying the scan rate from 
where Ca is the areal capacitance (F cm −2 ), I is the constant discharge current (A), Δt is the discharge time (s), ΔV is the voltage window (V), and S is the area of active material on the working electrode (cm 2 ).
The capacitance for the measured supercapacitor cell (Ccell) was calculated from Equation 
where s is the total area of the active material on the two electrodes (cm 2 ).
Ca derived from CVs was calculated from Equation 9, represented as 3, 4
where s is the area of active material on the working electrode (cm 2 ), v is the scan rate (V s −1 ), I is the discharge current (A), Vb and Va are the high and low voltage limits of the CV curves (V).
The energy density (E) and power density (P) of the supercapacitor cell were estimated according to Equation 10 and 11, respectively, represented as
(10)
where ΔV is the cell-operation voltage window (V) and Δt is the discharge time (h).
The electron concentration was calculated according Mott-Schottky (M-S) theory, 8 as in
where Cs (F cm −2 ) is the space charge capacitance per unit area, Nd (cm S5. Table S1   Table S1 . Hall effect measurements of sheet resistance (Rsh), mobility (μ), carrier concentration (n), electrical resistivity (R), and electrical conductivity (ρ) of GaNAG and GaNPM. 
